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This invention relates to a swirling-flow burner 
with separate fuel and oxidizer supply, for use in gas- 
fuelled combustion reactors. 

Burners of this type are mainly used for firing 
5 gas-fuelled industrial furnaces and process heaters, which 
require a stable flame with high combustion intensities. 
Conventionally designed swirling-flow burners include a 
burner tube with a central tube for fuel supply surrounded 
by an oxidizer supply port. Intensive mixing of fuel and 

10 oxidizer in a combustion zone is achieved by passing the 

oxidizer through a swirler installed at the .burner- face on 
the central tube. The stream of oxidizer is, thereby, given 
a swirling-flow, which provides a high degree of internal 
and external recirculation of combustion products and thus 

15 a high combustion intensity. 

As a general drawback of conventional swirling-flow 
burners of the above design, the burner face is at high gas 
flow velocities, as required for industrial burners of this 
design, exposed to overheating caused by the high degree of 

20 internal recirculation along the central axis of the com- 
bustion zone. Hot combustion products flow, thereby, back 
towards the burner face, which results in rapid heating up 
to high temperatures and, consequently, destruction of the 
face. 

25 • The general object of this invention is to elimi- 

nate this problem by an improved design of the burner face 
in the known swirling-flow burners. 

This improved design is based on the observation 
that a stable flame with high combustion intensity and 

30 without detrimental internal recirculation of hot com- 
bustion products, is obtained when providing a swirling- 
flow of oxidizer with an overall flow direction concen- 
trated along the axis of the combustion zone and at the 
same time directing the fuel gas flow towards the same 

35 axis. 
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T n accordance with this observation, the swirling- 
flow burner of this invention comprises a burner tube and a 
central oxidizer supply tube concentric with and spaced 
from the burner tube, thereby defining an annular fuel gas 
5 channel between the tubes, the oxidizer supply tube and the 
fuel gas channel having separate inlet ends and separate 
outlet ends, wherein 

a fuel gas injector is connected to the outlet end 
of the fuel gas channel, which fuel gas injector having a 
10 U-shaped cross sectional inner surface around a common axis 
of the burner tube and the injector; 

an oxidizer injector is connected to the outlet end 
of the oxidizer supply tube, which oxidizer injector having 
a U-shaped cross sectional surface coaxially with and 
15 spaced from the fuel gas injector; 

a fuel gas injection chamber is defined between the 
surfaces of the fuel gas and oxidizer injector; 

an oxidizer injection chamber is defined within the 
surface of the oxidizer injector; 
20 each of the injection chambers, having a U-shaped 

contour and being provided with a circular outlet end 
around the common axis; 

a cylindrical bluff-body is coaxially arranged 
within the oxidizer injection chamber, the bluff -body 
25 having a domeshaped upstream end and a tapered downstream 
end; and 

a swirler is installed on the bluff-body between 
its upstream end and its downstream end, che swirler having 
static swirler blades extending to the surface of the 
JO oxidizer injection chamber; 
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whereby, oxidizer supplied to the oxidizer injec- 
tion chamber is injected into a downstream combustion zone 
in a swirling-flow by combined action of the bluff-body and 
the swirler, which oxidizer flow is directed around a 
5 common axis of the injection chambers and the combustion 
zone after having passed through the oxidizer injection 
chamber ; 

the oxidizer is mixed in the combustion zone with 
fuel gas being supplied to the fuel gas injection chamber 

10 and injected into the combustion zone in an inwardly flow 
direction towards the axis of the combustion zone after 
having passed through the fuel gas injection chamber. 

The swirling-flow induced in the swirler promotes 
mixing of fuel gas and oxidizer by increasing the area of 

15 their contact. Effective mixing is obtained , when adjusting 
the pitch angle of the swirler blades to an angle of 
between 15° and 75°, preferably between 20° and 45°. 

At the same time, the inwardly directed flow pat- 
tern along the axis of the combustion zone caused by the 

20 U-shaped contours of the injection chamber prevents 

recirculation of hot combustion products in the high tem- 
perature region around the axis of the combustion zone, 
which otherwise would lead to overheating of the burner 
face. 

25 Furthermore , the inwardly directed flow pattern 

leads to a high degree of external recirculation in the low 
temperature outer region of the combustion zone. From this 
region only cooled combustion products flow back to the 
burner face, where the products are being sucked into the 

30 hot combustion zone area and reheated there. 

During use of the burner according to the invention 
in gas fired reactors, the recycle stream of cooled combus- 
tion products protects advantageously the reactor walls 
surrounding the combustion zone against impingement of hot 

35 combustion products and prolongs the lifetime of the reac- 
tor. 



- 4 - 



The temperature at the burner face close to the 
outlet end of the injection chambers may further be lowered 
by forming the oxidizer injector at the outlet end of the 
oxidizer injection chamber sharp-edged with a minimum tip 
5 angle. Reduced heating and suitable mechanical strength of 
the injector are obtained at tip angles of between 15° and 
60°, preferably between 15° and 40°. 

As a further advantage of the burner according to 
the invention, the high degree of external recirculation of 
10 cooled combustion products provides a homogeneous tempera- 
ture distribution in the combustion outlet zone. 

This is of great importance during operation of 
fired catalytic reactors, where the product yield highly 
depends on the temperature distribution in the catalyst 
15 bed, which typically is arranged in the combustion outlet 
zone. 

Accordingly, the burner of this invention is par- 
ticularly useful in heating and carrying out catalytic pro- 
cesses in gas-fuelled reactors. 

20 The above objects and advantages of the invention 

are more fully described in the following description by 
reference to the drawing, in which the sole Figure shows 
schematically a sectional view of a swirling-flow burner 
according to a specific embodiment of the invention. 

25 In the Figure, a burner tube 2 surrounds coaxially 

to common axiu 16 a central oxidizer supply tube 4, defin- 
ing a fuel gas supply channel 6 between the tubes. 

An injector 10 with a U-shaped cross sectional 
inner surface around axis 16 is installed at outlet end 8 

30 of burner tube 2. Injector 10 accommodates a coaxial 

injector 12 with a U-shaped cross sectional surface mounted 
on the outlet end 14 of central tube 4. 
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The U-shaped injector form may conveniently be 
obtained by machining a suitable metallic body having a 
cylindrical part and a conical part. The transition angle 
between the cylindrical and conical part is thereby prefer- 
5 ably in the range of 115° and 170°. 

The surfaces of injectors 10 and 12 enclose a fuel 
gas injection chamber 18 communicating with the fuel gas 
supply channel 6, and within injector 12 an oxidizer injec- 
tion chamber 20, to the outlet end of central tube 4. 

10 Injection chambers 18 and 20 have U-shaped contours around 
axis 16, with circular outlet ends 22 and 24 coaxially 
arranged to axis 16. Outlet end 24 of injection chamber 20 
may open into the lower part of injection chamber 18. 

The edge of injector 12 surrounding the outlet end 

15 of the oxidizer injection chamber is tapered with a minimum 
tip angle y in order to protect the edge against overheat- 
ing as described more detailed below. 

Injection chamber 20 is further equipped with a 
cylindrical bluff -body 26 coaxially spaced to the inner 

20 surface of chamber 20. Bluff -body 26 is provided with 

domeshaped upstream end 28 and tapered downstream end 30. 
Around the cylindrical surface of bluff -body 26 a swirler 
32 is installed with static swirler blades (not shown) 
extending to the surface of injection chamber 20. 

25 In operating the burner with the above design, fuel 

gas is supplied through channel 6 to injection chamber 18 
and injected into a combustion zone downstream to outlet 
end 24 of injection chamber 20. By means of the U-shaped 
contour of injection chamber 18 the injected stream of fuel 

30 gas is in the combustion zone directed towards the common 
axis 16 of injection chamber 18 and the combustion zone as 
indicated by arrows in the Figure. In the combustion zone 
th fuel gas stream is mixed with oxidizer suppli d in 
central tube 4 and injected into the combustion zon 

35 through injection chamber 20. 
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Before being injected into the combustion zone the 
oxidizer stream is brought into swirling-flow by passage 
through swirler 32. Furthermore, by means of bluff-body 26 
and the U-shaped contour of injection chamber 20, the 
swirling oxidizer stream is discharged into the combustion 
zone in an overall flow directed around the axis of the 

combustion zone. 

As a result, mixing of the oxidizer and fuel gas 
stream is mainly accomplished in the high temperature 
region around the axis of combustion zone. Thereby, delete- 
rious internal recirculation of hot combustion products 
within this region is prevented. Recirculation is only 
established in the low temperature outer region of the 
combustion zone, resulting in reduced material temperatures 
close to the outlet ends of the injection chambers. As 
mentioned hereinbefore, the temperature in this region may 
further be controlled by angle y of the oxidizer injector 
edge around the outlet end of the oxidizer injection cham- 
ber, whereby the mixing zone of oxidizer and fuel gas is 
kept at an increasing distance from the edge at decreasing 
tip angles. 

Having thus described the invention with reference 
to a specific embodiment thereof, changes and alternations, 
which will readily be apparent to those skilled in the art, 
are contemplated as within the scope of the invention. For 
example, in applications requiring very high combustion 
intensities the burner face may further be protected 
against high temperatures by addition of an inert gas or 
steam in the region of the outlet ends of injection cham- 
bers 18 and 20 introduced at the edge of injector 12 
through a bored channel within oxidizer injector 12. 
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS: 

1. Swirling-flow burner comprising a burner tube and a 

central oxidizer supply tube concentric with arid spaced 
from the burner tube, defining an annular fuel gas channel 
between the tubes, the oxidizer supply tube and the fuel 
gas channel having separate inlet ends and separate outlet 

ends, wherein 

a fuel gas injector is connected to the outlet end 
of the fuel gas channel, which fuel gas injector having a 
U-shaped cross sectional inner surface around a common axis 
of the burner tube and the injector; 

an oxidizer injector is connected to the outlet end 
of the oxidizer supply tube, which oxidizer injector having 
a U-shaped cross sectional surface coaxially with and 
spaced from the fuel gas injector; 

a fuel gas injection chamber is defined between the 
surfaces of the fuel gas and oxidizer injector; 

an oxidizer injection chamber is defined within the 
surface of the oxidizer injector; 

each of the injection chambers, having a U-shaped 
contour and being provided with a circular outlet end- 
around the common axis; 

- a cylindrical bluff-body is coaxially arranged 
within the oxidizer injection chamber, the bluff-body 
having a domeshaped upstream end and a tapered downstream 
end; and 

a swirler is installed on the bluff-body between 
its upstream end and its downstream end, the swirler having 
static swirler blades extending to the surface of the 
oxidizer injection chamber; 
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whereby, oxidizer supplied to the oxidizer injec- 
tion chamber is injected into a downstream combustion zone 
in a swirling-flow by means of the bluff-body and the 
swirler, which oxidizer flow is directed around a common 
5 axis of the injection chambers and the combustion zone 

after having passed through the oxidizer injection chamber; 

the oxidizer is mixed in the combustion zone with 
fuel gas being supplied to the fuel gas injection chamber 
and injected into the combustion zone in an inwardly flow 

10 direction towards the axis of the combustion zone after 
having passed through the fuel qas injection chamber. 
2. The swirling-flow burner of claim 1, wherein the 

swirler blades are arranged in the swirler with a pitch 
angle of 15°-75°, preferably of 20°-45°. 

15 3. The swirling-flow burner of claim 1, wherein the 

injectors have a tip angle of 15°-60°, preferably 15°-4 0° at 
the outlet ends of the injection chambers. 
4. The use of a burner according to anyone of the 

preceding claims, for carrying out catalytic processes in a 

20 gas fuelled reactor, 

DATED this 3rd day of December 1992. 
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ABSTRACT 

Swirling-flow burner with improved design comprising 
U-shaped oxidizer and fuel gas injectors arranged coaxially 
at the burner face. The burner is further equipped with a bluff - 
body with static swirler blades extending inside the oxidizer 
injector. 
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